T tin role of the extracranial vessels in cerebrovascular disease was suspected as long ago as the end of the nineteenth century but it remained for Hutchinson and Yates 4,5,1~ to define the incidence and segmental nature of arteriosclerosis in these vessels. Eastcott et al. 3 reported the first successful attempt of carotid surgery in 1954 and later concluded that the best results were obtained in cases of partial occlusion, s The importance of early diagnosis thus becomes manifest.
Many well known clinical findings have, however, proved unreliable and often misleading. Thus, palpation of the carotid artery is not only uninformative but potentially dangerous. Vigorous and bounding pulsation may conceal an occlusion whilst often one is unable to distinguish between the external and the internal carotid artery. Ophthalmodynamometry frequently fails to detect stenosis of the carotid artery which, contrary to established occlusion, has been shown to be amenable to surgery.
The presence of a bruit in the neck usually is caused by disease of the carotid artery but sometimes may be produced by excessive blood flow in collateral vessels or be a normal finding in young adults. Occasionally stenosis is confined to the external carotid artery. Inequality of blood pressure, or of the radial pulses, will correctly incriminate the subclavian or axillary arteries and often implies associated disease of the carotid artery. Plain roentgenograms of the neck may show calcification of the carotid arteries but this has not been found to be any guide as to the presence or absence of stenosis in these vessels.
In the investigation of cerebrovascular FIa. 1. Left carotid arteriogram in male, aged 71, with right hemiplegia. The internal carotid artery has been punctltred and the needle has penetrated an arteriosclerotic plaque. disease angiography remains the only definitive diagnostic procedure available. It is in these cases, however, that we expect a higher morbidity than in any other group of patients because arteriosclerosis commonly affects more than one vessel so that even minor and temporary disturbances of circulation may cause major signs and symptoms. We are, therefore, reluctant to puncture a vessel suspected to be diseased particularly when there is known occlusion or insufficiency of other vessels (Fig. 1) . At the same time the work of Hutchinson and Yates 4,5,10 has indicated the need to study the origins of all vessels supplying the brain.
In our search for a safe method we may consider intravenous techniques but these do not give us adequate contrast particularly in the intracranial vessels, and since too many $4 are opacified at any one time interpretation is difficult if not impossible. Other indirect methods include catheterization of the brachial artery which, in m y view, is contraindicated in the very cases in which one might consider using it, for we find arteriosclerotic plaques in the brachial and axillary arteries that may be stripped by the passage of a catheter. Furthermore, the frequent complication of loss of the radial pulse, the possibility of an arteriovenous fistula between the brachial artery and vein, or damage to the median nerve render it an unsuitable procedure which we employ only when other methods have failed. Catherization of the femoral artery is a good technique but again the catheter has to be passed for a very long way and in many cases there is coincident disease of the aorta, the iliac and the femoral vessels. I t is thus we come to consider the subclavian artery.
Puncture of the subclavian artery is simple Occasionally one fails to obtain adequate contrast in the right carotid artery and when this occurs a catheter is introduced and passed into the innominate artery. <7,9 I t m a y later be advanced into the ascending aorta to demonstrate the left carotid and the left subclavian arteries. Unfortunately, whilst the contrast obtained in the left carotid artery is good that of the intracranial vessels is inadequate so that it is often impossible to avoid direct puncture of the left carotid artery. To minimize complications the artery is punctured low in the neck, preferably in the reverse direction. We need, therefore, to develop a technique of catheterizing the left carotid artery via the right subclavian.
In order to reduce complications, the quantity and concentration of contrast medium should be reduced to a minimum, the patient's normal blood pressure maintained and direct injection of affected vessels avoided wherever possible. Thus, vertebral arteriography is contraindicated and we prefer indirect methods. Yet, however much we strive, we still incur the risk of complications for many patients are acutely ill, the majority are of an older age group whilst others have coronary or peripheral arterial disease.
In the present study the following complications were observed (Table 3) .
There were 13~ subclavian arteriograms performed on 98 patients. The only complication of this procedure was pneumothorax which occurred on 4 occasions. All patients but 1 were asymptomatic. Two patients were treated with sealed drainage whilst the others had a small pneumothorax which resolved spontaneously.
Four complications were encountered as a result of carotid arteriography (Table 3) . In all, ~07 carotid arteriograms were performed on 15~ patients.
The complications were as follows:
1) In 1 patient, a male aged 60 with dysphasia and a right hemiparesis caused by an occlusion of the left middle cerebral artery, aphasia and a complete hemiplegia developed during left carotid arteriography in which only 16 co. of 50 per cent Hypaque were used. There has been little recovery.
3) Another patient, a male aged 71, became unconscious after the injection of 8 ec. of 50 per cent Hypaque. On recovering consciousness he had signs of basilar insufficiency which resolved over a period of days. A right carotid arteriogram had shown tlle internal carotid artery to be grossly stenotic to the point of almost complete occlusion. The only intraeranial vessels demonstrated were the posterior cerebral artery and the basilar artery. This incident would have been avoided had we used subclavian angiography for it is likely that he had bilateral disease of the carotid and vertebral arteries. He was placed on anticoagulants and died 1 month later. Autopsy showed a recent occlusion of the right middle cerebral and basilar arteries. The vessels of the neck were not examined.
3) One patient, a farmer aged 43, with a history of transient dysphasia and a right hemiparesis 34 hours previously, became dysphaslc and weakness of the right arm developed shortly after bilateral carotid arteriography. This had shown stenosis of the left internal carotid artery. Full recovery ensued quickly. At surgery, under local anesthesia, he again became dysphasic and the vessel was reported to be in spasm. Tiffs appears to be the only instance in some 3,000 carotid arteriograms in which spasm was associated with a clean puncture.
4) One patient required tracheotomy for a mediastinal hematoma following retrograde carotid angiography.
In the last 2 years 170 patients suspected of, or found to have, cerebrovascular disease have been investigated at the University of Alberta Hospital. Of these, 98 patients were investigated primarily by subclavian angiography. Carotid arteriography was performed on 152 patients and 12 were investigated by other techniques (Table 3) . Radiological investigation seldom can be as complete as the pathologist's so that the aim of a "four-vessel study" on every patient seldom is achieved. For example, once we have shown a normal vertebral-artery circulation we do not attempt to demonstrate the contralateral one, neither do we complete the investigation once significant intracranial pathology, viz. tumor or occlusion, has been demonstrated.
Significant extracranial lesions were found in 84 patients whilst intracranial lesions were demonstrated in 69. Thirty of these had both extracranial and intracranial disease. In the remainder no significant abnormality was noted (Tables 1 and 2 ).
There were ~2 cases of carotid thrombosis, the youngest patient being 16 months old. One patient had bilateral occlusion of the carotid artery and 9 patients had severe stenosis of the remaining carotid artery. The number would have been greater had investigation been more vigorous. When one carotid artery has been shown to be occluded, it is essential that the state of the other one be known, for these patients may be aided by prophylactic surgery. Occlusion of the common carotid artery was noted on only one occasion. Fifty-nine patients had severe stenosis of one carotid artery (Fig. 4) artery (Fig. 5) was noted in 8 and stenosis in ~1 (Fig. 6) . The latter figures do not reflect the true incidence of disease of the vertebral artery as some cases were not investigated fully.
Of the 69 patients who had intracranial lesions, ~3 were caused by occlusion of the middle cerebral artery. Two patients showed occlusion at the level of the carotid siphon and in 6 patients stenosis of the intracranial carotid artery was the only lesion found (Fig.  7 ). There were 5 cases of stenosis of the basilar artery but only 1 of complete occlusion (Figs. 8 and 9 ). when the same vessel is affected both proximally and distally. This finding was not remarkable in the series and only 4 patients showed stenosis of the internal carotid artery as well as occlusion of an intracranial vessel. The commonest finding was stenosis of the cervical internal carotid artery combined with stenosis of the intracavernous portion. This was present in 14 cases. We consider this lesion of importance for it is often the starting point of a retrograde thrombosis.
Amongst the intracranial lesions were 1 ease of encephalitis, 8 tumors and 1 colloid cyst of the third ventricle, so that in our enthusiastic search for cerebrovaseular disease we must recognize that tumors and other lesions sometimes present as "strokes." Conversely, 1 ease of carotid occlusion was considered clinically to be a tumor so that in all eases the bifurcation of the carotid artery nmst be shown. Of particular interest is 1 patient who was found to have a cerebral tumor as well as extracranial vascular disease.
The natural history of disease of the carotid artery is well illustrated by 3 patients: 1) One, known to have severe stenosis of the left carotid artery, was admitted 3 months later with aphasia and a right hemiplegia, the artery being now completely occluded. ~) Another patient, known to have a bruit over the left carotid artery 10 days before admission, became aphasic and henfiplegie. Angiography showed the artery to be almost completely occluded. seizures at the age of 51. He was not investigated at the time. Seven years later he was admitted to hospital and over a period of 5 days a right hemiplegia developed. Angiography was then requested and the findings were as follows: There was marked stenosis of tile left internal carotid artery and complete occlusion of the right with rich collateral circulation. It is evident, therefore, that the right carotid artery became occluded at the time the seizures began.
The finding of collateral circulation is confirmatory evidence of stenosis or occlusion and we hesitate to diagnose the latter without this evidence. Cortical anastomoses between the branches of the anterior, middle and posterior cerebral arteries are capable of providing collateral circulation when one of these branches has been occluded. Thus, we do not diagnose occlusion of the anterior cerebral artery unless there is evidence of reversal of flow through the pericallosal artery. I t is extremely common to see both pericallosal arteries filling from one anterior cerebral artery so that this alone is insufficient evidence for a diagnosis of occlusion.
Negative findings in eases of stroke are accounted for in two ways. In some the clinical diagnosis is in doubt whilst occlusions of the lentieulostriate group of vessels are too small to be shown at angiography.
Angiography tends to underestimate rather than overestimate pathology. Stenotie lesions are seldom as impressive at angiography as they are at operation and, as already stated, we are unable to diagnose occlusion of some of the smaller vessels and even some of the larger ones. Faulty technique m a y cause the inexperienced to diagnose occlusion when none is present.
The main purpose of angiography is to distinguish those eases of primarily extracranial vascular disease and to delineate the lesions in the affected vessels. Cases of segmental lesions in a vessel free from disease distally offer the most scope for surgical treatment. Hence, it is the function of the radiologist to demonstrate both the extracranial and the intracranial course of the four vessels supplying the brain.
Summary
The angiographic findings in 170 patients, suspected of or found to have cerebrovascular disease, have been analyzed. Significant extracranial lesions were found in 84 patients whilst intracranial lesions were demonstrated in 69. Thus, in approximately 50 per cent, vascular disease was primarily extracranial and it is from this group that surgical cases will be drawn.
Angiographic techniques and the complications thereof arc discussed and it is concluded that subclavian angiography offers the best and safest means of demonstrating at least three of the four vessels supplying the brain. It is unfortunate that, at present, direct puncture of the left carotid artery cannot be avoided.
